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Abstract
In this paper, we explore the link between SME investment, firm
economic characteristics, and the presence of financing constraints
during the post-2008 crisis recovery period in Ireland. We use novel
survey data between 2016 and 2018, which disaggregates investment
by asset type and allows a granular assessment typically not present
in the existing literature. Our approach links investment to the marginal
product of capital using a stochastic frontier model to explore, and
measure, the presence of constraints. We also test whether liquid
assets, indebtedness and investment dissatisfaction impact SMEs in-
vestment. We find a clear link between investment and its marginal
product with elasticities of between 0.55 and 0.65; a one per cent in-
crease in marginal product leads to a 0.55-0.65 per cent increase in
investment. The investment efficiency estimates obtained show the
presence of financing constraints. We find evidence of both internal
and external finance constraints explaining the investment efficiency
of small fixed assets. Higher collateral availability contributes to im-
prove investment efficiency for all fixed assets.
Keywords: Financing constraints; SMEs; investment efficiency; Stochastic
Frontier Analysis.




The recovery from the global financial crisis has been characterised by per-
sistently low investment rates in many developed economies including the
US, Japan and across Europe. Numerous studies have considered the is-
sue within the context of the underwhelming growth out turn, as well as
in terms of the implications for productivity (Dottling et al. 2017, Fay et al.
2017, Kose et al. 2017, Banerjee et al. 2015).
Various explanations relating to the crisis have been put forward, in-
cluding access to credit, debt overhang and uncertainty. Indeed, credit ac-
cess and debt overhang have been found to be limiting factors on invest-
ment in economies such as Ireland (Gerlach-Kristen et al. 2015a, Lawless
et al. 2015). Moreover, a number of structural factors have also been sug-
gested as possible reasons behind the low investment rates. For example,
Alexander & Eberly (2018) found sluggish investment could be explained
by the transition towards a services-based economy, high-tech industries
and off-shoring and automation. Dottling et al. (2017) found that compe-
tition may have affected US firms, while the European investment slug-
gishness was associated with muted demand conditions and uncertainty.
Other authors have identified a disconnect between firm profitability and
investment, which suggests that the sensitivity of capital investment to its
marginal product may have changed (Ogawa et al. 2019).
These findings however may be more relevant for large firms, particu-
larly in sectors where intangible assets are becoming more important; and
less relevant for Small and Medium Enterprises (SMEs)1, who traditionally
have been more affected by credit access issues. Indeed, an assessment of
the sensitivity of investment to marginal products, as well as an identifica-
tion and quantification of financing constraints for SMEs, has largely been
absent in existing studies. To address this gap in the literature, we use data
obtained using a novel survey of SME investment from Ireland to test the
1Thought this analysis SMEs are defined as firms that employ 250 people or less and
have a turnover of €50 million or less (European Commission 2003).
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link between investment and economic fundamentals.2 We exploit the de-
tailed investment information provided by our dataset, which allows an
exploration of the impact of fundamentals on investment rates separately
across different asset classes (buildings, machinery and transport equip-
ment, staff and intangibles). It could be expected that, depending on the
characteristics of the asset, there may be differences in the sensitivity of
investment to profitability. This is an important distinction which has not
been explored using SMEs data in past literature.
We include data in our analysis for the period 2016 to 2018, which cor-
responds to the recovery period following the 2008 Global Financial Crisis.
During this period, investment levels suffered a severe hit due to increased
risk and uncertainty which resulted in a credit crunch from the lenders
perspective, and a reluctance by firms to commit capital to long-term in-
vestment(Vermoesen et al. 2013, Demirgüç-Kunt et al. 2020). Irish SMEs
constitute an interesting case study. Their investment patterns felt the full
effects of the 2008 crisis though the unavailability of credit arising from the
banking crisis (Gerlach-Kristen et al. 2015b) and through previous capital
structure reliance on high levels of debt (Lawless et al. 2015). Moreover, al-
though the investment activity of Irish SMEs recovered, the use of external
finance did not recover, with a continued usage of internal funds observed
on the recovery period (Gargan et al. 2018). In an European context, the
share of firms investing in Ireland is comparable to the EU average. How-
ever, twice as many firms in Ireland reported finance as an investment con-
straint relative to EU counterparts (EIB n.d.). In this context, an exploration
of the size and drivers of SMEs financing constraints in the recovery period
constitutes an interesting addition to the literature.
Our estimation approach relies on Stochastic Frontier Analysis (SFA) to
estimate SME financing constraints by asset type, and test whether con-
straints are affected by firm-specific factors such as access to credit, in-
debtedness or investment dissatisfaction. Our research is the first to apply
this methodology to assess financing constraints and its determinants us-
2We are grateful to the Irish Department of Finance for granting us access to this data.
3
SME Financing Constraints
ing firm-level data on SMEs (Wang 2003, Bhaumik et al. 2012, Wang & Ho
2010, Islam & Luo 2018).
A number of findings emerge from our analysis. First, we find a strong
link between the marginal product of capital and investment. The magni-
tude of the coefficients indicate that a one per cent increase in the marginal
product of capital leads to a 0.55 per cent increase in the investment rate.
We find this sensitivity is highest for transport and machinery assets (0.65),
and that it is lowest for investment in building assets.
We find financing constraints are present across all asset classes, in-
dicating that Irish SMEs are in generally under-investing relative to the
maximum possible investment frontier. This was suggested by the aver-
age investment efficiency scores, which were in all cases below 1. For all
asset classes, average investment efficiency was 0.73. For buildings, the av-
erage efficiency was 0.73, for machinery and transport equipment it was
0.75, and finally for staff and intangibles it was 0.80. In terms of the deter-
minants of investment efficiency, we find evidence that firms with higher
debt-to-turnover and liquidity-to-turnover ratios have a higher investment
efficiency. Given that 40 per cent of SMEs in the sample have 0 debt, it is
likely to be capturing the fact that firms with higher credit access invest
more. The estimates also highlight the importance of collateral availability
in improving investment efficiency. Finally, we find a statistically signif-
icant and negative effect of investment dissatisfaction on investment effi-
ciency.
The rest of this paper is structured as follows: Section 2 presents the
methodological approach. Section 3 outlines the data and presents some





The empirical estimation of financing constraints has been typically reliant
on linear models based on Q investment or Euler equations, estimated us-
ing standard econometric techniques (for example, Whited (1992), Gilchrist
& Himmelberg (1995)). However, it is also possible to assess the effect
of financing constraints by using frontier estimation approaches. These
techniques have been used extensively in production economics to eval-
uate firm performance through the estimation of measures such as techni-
cal efficiency and productivity. Two main methodologies have tradition-
ally been used in order to estimate firm-specific technical efficiency scores,
data envelopment analysis (DEA) and SFA. The former is a non-parametric
method that involves programming; while the latter is a parametric tech-
nique that relies on econometric estimation. For our empirical application,
SFA is preferred due to its capacity to accommodate factors such as the
effects of random shocks or data measurement errors.
SFA is a parametric technique that makes use of econometric estima-
tion techniques, therefore requiring the assumption of a given functional
form to reflect the relationship between dependent (Y) and independent
variables (X). SFA was originally and independently developed by Aigner
et al. (1977) and Meeusen & van Den Broeck (1977). Its main feature is the
inclusion of a composed error term that allows the separation of technical
inefficiency from other stochastic variation:
Y = f (βX)ev−u (1)
where v is a symmetric random error that accounts for statistical noise
and u is a non-negative component associated with technical inefficiency.
In this framework, the measure of firm-specific technical efficiency is ob-
tained as the ratio of observed output to the stochastic frontier output (Kumb-







Wang (2003) set up the framework for the analysis of financing con-
straints using the SFA methodology. Wang (2003) showed that the con-
strained investment rate ln(I/Kt−1) is a combination of the optimal (or ef-
ficient) investment rate ln(I/Kt−1)∗ represented by the frontier, and the
one-sided constraint effect -u that characterises frontier estimation:
ln(I/Kt−1) = ln(I/Kt−1)∗ − u (3)
This specification relies on the assumption of imperfect capital markets,
due to factors such as information asymmetries, which in turn result in
a shortage of financing (i.e. in the presence of financing constraints, the
observed investment rate will be less than the efficient rate). The optimal
investment rate can be defined using a Q investment equation:
ln(I/Kt−1)∗ = β0 + β1ln(Sales/Kt−1) + βD + βt + v (4)
For unlisted companies (such as the sample of Irish SMEs we are using
in our analysis) the Tobin Q is not available, therefore we use the sales to
capital ratio as an alternative measure of the return to capital (Galindo et al.
2007). A vector of dummy variables (D) capturing firm characteristics and
a set of year dummies are also included as controls in equation (4). These
variables are described in more detail in Section 3. By substituting and
reorganising equations (3) and (4) we get:
ln(I/Kt−1) = β0 + β1ln(Sales/Kt−1) + βD + βt + v− u (5)
This specification has the same structure as a standard SFA model out-
lined in equation (1), albeit expressed in natural logarithms, including the
two error term structure already described above. In this framework, the -u
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term in equation (5) measures the investment shortfall. In other words, the
difference between the optimal investment rate represented by the fron-
tier and the observed investment rate (i.e. -u) is attributed to financing
constraint. This firm-specific investment efficiency score is recovered post-
estimation following Battese & Coelli (1988):
IE = E[exp(−u)|v− u] (6)
The obtained estimate of efficiency takes a value between 0 and 1. There-
fore, the difference between each firm specific investment efficiency score
and 1 can be interpreted as the percentage shortfall of investment from its
optimal (frontier) level due to the presence of financing constraints.
The SFA approach also allows us to directly estimate the impact of sev-
eral financing factors on the degree of financing constraints, rather than
estimating the impact of these factors on investment of the average firm
and infer from it whether they contribute to financing constraints. This
can be done by extending the basic model proposed above to accommo-
date additional explanatory variables through the distribution assumed of
the inefficiency term -u3. Numerous ways to incorporate these variables
have been developed in the literature. Here we apply a model proposed in
Caudill et al. (1995), which has the advantage that it allows accounting for
heteroskedasticity in u in the estimation. In the Caudill et al. (1995) speci-
fication the distribution of the inefficiency term u is assumed to have zero
mean and variance σ2u . Variance σ2u is an exponential function of a vector
of financing factors assumed to affect the degree of financing constraints
(Z), with δ being a set of parameters to be estimated (these variables are
described in Section 3):
3The effect of these variables is estimated in one step using Maximum Likelihood, and
not in two separated steps.
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u ∼ N+(0, σ2u)
σ2u = exp(δ0 + δkZk)
v ∼ N(0, σ2v )
(7)
This specification also satisfies the scaling property, as noted in Alvarez
et al. (2006). This property implies that the basic distribution N+(0, 1) can
be interpreted as the firm base investment efficiency, where the ultimate
level of investment efficiency also depends on a function of the observed
factors captured by the variables in Z (i.e. σ(δZ)). Finally, v is assumed to
be distributed normally, with 0 mean and constant variance σ2v .
Applying this estimation approach to the analysis of financing con-
straints has several advantages. First, it allows to model the relationship
between the investment shortfall (i.e. financing constraints) and firm-level
characteristics in a straightforward and intuitive way, since these constraints
are made dependant on the vector of observable variables Z in equation (7).
This overcomes the difficulties of both linear regression and structural Eu-
ler equation models face in terms of accommodating the relation between
real and financial variables (Wang 2003). Second, most analyses that ex-
plored financing constraints in the past (Gilchrist & Himmelberg (1995),
Campello et al. (2010), Guariglia & Mateut (2010), for example), have re-
lied on the separation of constrained and unconstrained firms in a given
sample using arbitrary criteria, which in turn may generate potential en-
dogenous selection issues (Wang 2003). The SFA methodology explores
financing constraints without the need of separating the sample, reducing
the aforementioned endogeneity problems.
Our analysis is closely related to a handful of other empirical appli-
cations. Wang (2003) and Wang & Ho (2010) used a panel of Taiwanese
traded firms in the manufacturing sector, to explore financing constraints
using SFA for the first time. Bhaumik et al. (2012) focused on large private
Indian manufacturing firms, also based on a Q investment model. Islam &
Luo (2018) used panel of listed Canadian forest firms. We contribute to this
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literature in several ways. First, previous analyses include large or traded
firms. However, our dataset includes only SMEs, which are likely to have
differing patterns of investment shortfall, as information asymmetry issues
are more severe for small firms. Second, since we use survey data rather
than information provided by traded firms or balance sheet data, we can
disaggregate total investment by different asset categories. Therefore, we
are able explore potentially divergent financing constraints across differ-
ent types of assets. In order to do this we estimate the model described in
equation (5) defining the investment rate for different types of assets. And
third, the dataset used also includes information related to firms’ attitudes
and perceptions towards investment, which to our best knowledge have
not been incorporated before to an analysis of financing constraints of this
kind.
3 Data and Summary Statistics
The data used in this analysis comes from an investment module that is
appended to the Irish Ministry of Finance’s bi-annual Credit Demand Sur-
vey (CDS). The CDS is a telephone survey of approximately 1,500 firms
that is weighted by size, sector and region. It has been running since 2009
and aims to collate information on firms’ applications for credit, financing
needs and views on the financial environment. Since 2017, a module has
been added to the survey once a year which incorporates a range of ques-
tions on investment activity, the sufficiency of investment, capital stock,
employment and indebtedness. More details on the survey and the ques-
tions can be found in Gargan et al. (2018) which presents the module in
detail.
For the purpose of this analysis, we use a small panel dataset which is
extracted from the main dataset. We also focus only on those firms who
have positive investment activity. The total number of investing firms in
our panel is 448, which results in 721 observations. The CDS provides de-
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tailed information on investment by type of asset (i.e. buildings, transport,
machinery, intangibles and staff), and also on the value of firms’ total as-
sets. This information is used to build investment rates for different types
of assets, which are used as dependent variables in equation (5). We group
together investment in intangibles and staff, due to the low number of
SMEs which invested in the former type of asset. We also group investment
in machinery and transport assets. This way we compare the investment
activity of SMEs in large fixed assets (by including buildings as a single
asset category) and smaller fixed assets. As a result, separate regressions
are run for each of the three asset categories described (buildings, trans-
port/machinery, and intangibles/staff), as well as for the aggregate total
investment rate.
In terms of the controls included in equation (5), an extensive body of
literature linking investment to fundamentals for large firms have used the
Tobin’s Q model (Erickson & Whited 2000, Hennessy et al. 2007), approx-
imated by average Q, to describe the relation between investment and the
marginal product value of capital. The average Q is defined as the ratio of
the book to the market value of the firm, and it is generally interpreted as a
proxy for the unobservable shadow returns to capital. However, using the
average Q is not feasible when analysing SMEs, since they do not have a
market value that can be used in the calculation. By using a direct proxy
for the marginal value product of capital, our research overcomes this lim-
itation and provides a direct link between the profitability of capital and
investment for small firms. We approximate marginal products by using
the sales to capital ratio as in Galindo et al. (2007)4. The vector of dummy
variables D in equation (5) includes dummies that control for firm size (mi-
cro firms), age (less than 10 years of operation), and sector (industry sector).
We also include year dummies to capture shifts in the investment frontier
over time.
4Galindo et al. (2007) also use the profits to capital ratio as a proxy for the marginal
value product of capital. However, due to insufficient data we are not able to produce a
consistent profits series so must instead use the sales to capital ratio.
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We explore three paths through which firms’ financing choices can po-
tentially affect the investment efficiency identified by the SFA model (i.e.
captured by the variables in Z in equation (7)). We control for the effect of
access to external and internal finance sources by including in Z a direct
measure of the internal funds available to each firm (using a liquid assets-
to-turnover ratio), and also an indicator of indebtedness (using a debt-to-
turnover ratio as in Lawless et al. (2015)). It has been established in the
literature that SMEs have different financing patters compared to large and
traded firms. Their capital structures are typically more weighted towards
internal resources due to external debt or equity being more difficult to
access (Beck et al. 2008), or being more costly due to information asym-
metries. In this regard, the pecking order theory is considered to be the
most widely applicable framework to small firm financing (Myers 1984).
This theory builds on the premise that information asymmetries drive a
wedge between the internal and external costs of capital. The theory sug-
gests that small firms make financing choices in a hierarchical fashion, first
using internal finance sources (when/until available) as opposed to exter-
nal sources due to the relative cost differences (Berger & Udell 1998). Since
bank lending to SMEs is predominately based on the availability of col-
lateral due to information opacity, we also include a measure of collateral
availability, built as the ratio of fixed assets on total assets. Besides detailed
information on investment by asset type, the use of survey data also has the
advantage of providing firms’ qualitative information, which would not be
possible to obtain otherwise (i.e. when using datasets based on balance
sheet data). This survey provides a measure of firm-specific investment
dissatisfaction, which is self-reported by each firm. As a fourth control, we
include a dummy indicator in Z which equals one if firms reported that
they have invested less than they wanted, and zero otherwise. A table con-
taining a detailed definition of all variables mentioned in this section is
presented in Appendix A.
Some summary statistics for each of the main variables described above
are presented in Table 1. The average rate of investment is 13 per cent of
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total assets. Looking across asset types, the highest rate is in buildings,
while the lowest is in intangibles and staff at 0.02 (i.e. 2 per cent of the value
of total assets is invested in staff or intangibles in any one year). In terms
of the composition of the sample, 42 per cent are micro firms (defined as
firms with less than 10 employees), 25 per cent operate in industrial sectors
(such as manufacturing and construction), and 14 per cent were operating
for less than 10 years. The value of sales is on average quite high relative to
firms’ value of capital in the previous year5. The average level of the debt to
turnover ratio is 10.7 per cent, which reflects the fact that many firms have
no debt. The mean liquid assets to turnover ratio stands at 0.29, suggesting
liquidity reserves are equivalent to almost one third of firms’ turnover.
Table 1: Descriptive Statistics
Mean Median Obs. Min. Max.
Total inv. rate 0.131 0.070 721 0.003 1.222
Inv. rate, Buildings 0.105 0.059 181 0.003 0.714
Inv. rate, Transport+Machinery 0.099 0.053 674 0.002 1.222
Inv. rate, Intang.+Staff 0.024 0.009 712 0.001 0.460
Sales/Kt-1 2.707 2.057 986 0.127 10
Age less than 10 years (D) 0.141 0 1,281 0 1
Micro firm (D) 0.420 0 1,281 0 1
Industry sectors (D) 0.252 0 1,281 0 1
Liquid assets/Turnover 0.293 0.216 1,013 0.013 1.500
Debt/Turnover 0.107 0 1,184 0 1
Collateral availability 0.526 0.500 1,083 0 1
Inv. dissatisfaction (D) 0.147 0 1,199 0 1
In order to provide more detail on investment patterns of Irish SMEs
during the period analysed, Table 2 displays the mean and median invest-
ment rate by type of asset, time and selected firm categories. In all cases
the median is lower than the mean, indicating that the distribution of total
investment, as well as investment by asset is skewed to the left. The aver-
5This variable can take values over 1 as the scalar is total assets in the previous period.
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age rate of total investment remained relatively constant between 2016 and
2018 at between 12 and 14 per cent of total assets. With the exception of
buildings, average investment rates declined in 2017 across assets, but in-
creased again in 2018. Younger firms operating for less than 10 years have
a higher average investment rate, except for investment in intangibles and
staff. Firms operating in industry sectors also had higher average invest-
ment rates, except for investment in transport also. Finally, micro firms
display higher average investment rates in all assets.
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Table 2: Investment rates overview
Total Buildings Machinery+Transport Staff+Intang.
Years
2016 Mean 0.144 0.082 0.113 0.029
Median 0.081 0.038 0.064 0.008
2017 Mean 0.125 0.125 0.089 0.020
Median 0.071 0.067 0.046 0.008
2018 Mean 0.132 0.087 0.106 0.026
Median 0.064 0.058 0.053 0.009
Sector categories
Industry Mean 0.137 0.122 0.101 0.026
Median 0.072 0.035 0.053 0.009
Services Mean 0.133 0.100 0.100 0.024
Median 0.077 0.062 0.053 0.008
Other Mean 0.111 0.089 0.093 0.021
Median 0.061 0.035 0.042 0.008
Age categories
Less than 10 years Mean 0.163 0.122 0.133 0.028
Median 0.106 0.060 0.099 0.012
10 to 25 years Mean 0.143 0.116 0.106 0.030
Median 0.075 0.056 0.056 0.009
More than 25 years Mean 0.111 0.093 0.084 0.017
Median 0.059 0.059 0.036 0.007
Size categories
Micro Mean 0.156 0.106 0.136 0.029
Median 0.107 0.073 0.087 0.013
Small Mean 0.121 0.105 0.090 0.025
Median 0.065 0.060 0.053 0.009
Medium Mean 0.112 0.104 0.067 0.014





Several models are available for the estimation of stochastic frontiers in a
panel data setting. Previous empirical applications have relied on a fixed
effect approach to account for the panel structure of the data when esti-
mating the investment equation (Wang 2003, Bhaumik et al. 2012, Islam &
Luo 2018). We attempted to estimate our investment model using the True
Fixed Effects approach proposed in Greene (2005a), with unsatisfactory re-
sults. This was likely due to the structure of the panel dataset we use,
which includes a large N dimension but only 3 years of data. When us-
ing ML estimation, this feature may cause the incidental parameters prob-
lem (Greene 2002, 2005b). This is an inferential issue that arises when the
number of units is relatively large compared with the length of the panel,
as it is in this case. As a result, the firm specific effects estimated are in-
consistent, which in turn leads to unreliable variance parameters on which
the inefficiency estimates are based (Belotti & Ilardi 2018). For this reason,
we estimated a pooled model instead. This approach simply implies that
the time-invariant unobserved heterogeneity that would have been disen-
tangled though using fixed effects estimation is incorporated in the ineffi-
ciency estimates. Despite this limitation, we expect that some of the un-
observed heterogeneity is controlled for though the incorporation of firm
characteristics dummies in the frontier specification.
The Maximum Likelihood estimates obtained from the pooled estima-
tion of equations (5) and (7) are displayed in Table 3. The coefficients of
the sales to capital ratio variable all have a positive sign, and are also sta-
tistically significant at the 1 per cent significance level. The magnitude of
the coefficients range from 0.653 for transport and machinery to 0.548 for
buildings. This indicates that a 1 per cent increase in the sales to capital
ratio can cause between a 0.55 per cent and 0.65 per cent increase in the
investment rate, depending on the type of asset in which firms invest. It
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is clear that the estimate obtained when using total investment rate (0.558)
therefore masks the variation that exists across different assets.
The coefficients of the dummy variables capture investment differences
across firms in each of the different categories included. Size appears to
be the most important firm characteristics determining differences in in-
vestment, as the coefficient is statistically significant in all cases except
for investment in buildings. The positive sign indicates that micro firms
achieved higher investment rates, with the same level of sales over capi-
tal. Younger firms also display higher total investment rates in transport
and machinery. This is also the case for firms operating in industry sectors.
Finally, the year dummies are statistically insignificant, indicating that the




Table 3: SFA Estimates
(1) (2) (3) (4)
Total Buildings Transport+Machinery Intang.+Staff
ln(Sales/Kt-1) 0.558*** 0.548*** 0.653*** 0.575***
(0.070) (0.140) (0.072) (0.078)
Age less than 10 years (D) 0.328** 0.134 0.282** 0.145
(0.134) (0.240) (0.133) (0.136)
Micro (D) 0.414*** 0.072 0.686*** 0.520***
(0.101) (0.185) (0.102) (0.104)
Industry sectors (D) 0.116 0.081 0.264** 0.129
(0.109) (0.212) (0.109) (0.114)
Year 2017 (D) -0.007 0.309 -0.166 0.005
(0.132) (0.252) (0.131) (0.137)
Year 2018 (D) 0.130 0.363 0.072 0.211
(0.138) (0.272) (0.138) (0.142)
Constant -3.070*** -3.147*** -3.503*** -5.242***
(0.149) (0.293) (0.148) (0.243)
Inv. constraint drivers
ln(Liq. assets/Turnover) -0.833*** -0.808 -0.896** -0.975
(0.319) (0.773) (0.349) (0.812)
Debt/Turnover -9.425** -7.565 -8.311* 1.733
(4.315) (5.801) (4.849) (2.028)
Inv. dissatisfaction (D) 1.027* -0.358 1.396** -0.069
(0.525) (1.268) (0.576) (0.923)
ln(Collateral avail.) -0.952*** -1.311** -1.103*** -0.395
(0.244) (0.571) (0.269) (0.446)
Constant -3.427*** -3.122 -4.000*** -4.655
(1.037) (2.021) (1.146) (3.616)
Observations 606 161 567 588
Log likelihood -946.143 -232.019 -867.106 -923.998
Standard errors in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01. (D) indicates a dummy variable.
Some variables included in vector Z in equation (7) are statistically sig-
nificant, as displayed in the bottom panel in Table 3. The sign of the coef-
ficients indicate the effect of each variable on investment inefficiency (i.e.
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financing constraints); therefore, the reversed signs indicate their relation-
ship with investment efficiency. As for the case of the coefficient of the
marginal product of capital proxy, the coefficients obtained for the drivers
of total investment efficiency and by type of asset differ. Investment ef-
ficiency is positively correlated with the debt to turnover ratio for invest-
ment in machinery and transport. This result implies that a higher debt
to turnover ratio decreased financing constraints. This is also the case for
the liquidity ratio, which is also positively correlated with investment ef-
ficiency in machinery and transport. The effect of these two ratios on in-
vestment efficiency on buildings and intangibles and staff is statistically
insignificant. These estimates might suggest that both internal and exter-
nal financing sources have played an important role in reducing financing
constraints in smaller fixed asset, as opposed to large fixed assets and in-
tangibles. Lawless et al. (2015) using similar data found that debt financing
had an important role to play in firms by facilitating investment which ap-
pears to be in line with our estimates. More recently, La Rocca et al. (2019)
found that when SMEs have investment opportunities, having higher liq-
uidity positively contributes to the decision to invest, though the relaxation
of financing constraints. Collateral availability had a positive and statis-
tically significant influence on investment efficiency for all types of fixed
assets. This suggests that having more collateralisable assets reduces fi-
nancing constraints, highlighting SMEs high reliance on collateral found in
previous literature (Mac an Bhaird & Lucey 2010).
Finally, firms that reported being dissatisfied with their investment have
higher financing constraints. This effect could be linked to increased eco-
nomic uncertainty. Despite the years included in the sample corresponding
to the recovery period after the 2008 financial crisis, they are also coinciden-
tal with the Brexit referendum and the EU-UK trade negotiations which




Table 4: Investment efficiency estimates
Mean Median Obs. Min. Max.
Total assets 0.734 0.743 606 0.062 0.998
Buildings 0.728 0.743 161 0.118 0.992
Transport/Machinery 0.753 0.773 567 0.059 0.997
Intangibles/Staff 0.800 0.816 588 0.468 0.932
Table 4 displays the descriptive statistics for the investment efficiency es-
timates. The mean efficiency for total assets is 0.734, indicating a loss of
roughly 26.6 per cent of investment due to financing constraints. However,
this aggregate figure of financing constraints does mask some variation de-
pending on the asset type. Buildings emerged as the asset for which the
loss in investment efficiency due to constraints is the highest (average of
27.2 per cent). Financing constraints seem to be less severe for machin-
ery and transport, with median investment efficiencies of 0.728. This result
points to some differences in the financing constraints faced by large versus
smaller fixed assets. Finally, investment in intangibles and staff emerges as
the investment category with the lowest financing constraints, with a 20
per cent investment efficiency loss.
The histograms displayed in Figure 1 indicate that the distributions of
the investment efficiency scores estimated for each type of asset are skewed




Figure 1: Investment efficiency, All
Table 5 displays the mean and median investment efficiency by age and
size categories for total assets and small assets (i.e. machinery and trans-
port assets). A Kruskal-Wallis test did not reject that the mean investment
efficiency for other assets (buildings, intangibles and staff), as well as other
categories (year, sectors), came from different populations, therefore these
further comparisons were not possible. Average investment efficiency is
higher for older SMEs, operating for more than 25 years, and for those in
the small size category.
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Table 5: Investment efficiency estimates by categories
Total assets Transport/Machinery
Mean Median Mean Median
Age category
Less than 10 years 0.705 0.699 0.721 0.730
10-25 years 0.723 0.729 0.745 0.753
More than 25 years 0.749 0.774 0.768 0.804
Size category
Micro 0.709 0.733 0.725 0.746
Small 0.751 0.762 0.775 0.792
Medium 0.737 0.732 0.753 0.753
5 Conclusions
The empirical analysis of firm-level investment, credit constraints, and their
relationship with firm fundamentals and other firm characteristics has typ-
ically relied on the estimation of linear equation models, based on Euler
or Q investment equations. In this paper we implemented an alternative,
and seldom used, approach based on SFA estimation. Moreover, we use
novel and detailed investment data obtained through a survey that in-
cludes only SMEs, which have been typically neglected from this type of
analysis. Therefore, although our sample includes SMEs located in Ireland,
the estimates presented in this paper lead to a number of interesting conclu-
sions. The sales to capital ratio emerged as the most significant explanatory
factor of investment rates, which is indicative of the well known link be-
tween investment and its marginal product. The elasticities of sales to cap-
ital range between 0.55 and 0.65, depending on the type of asset. We also
uncovered the presence of investment shortfalls for Irish SMEs. However,
the severity of the shortfall varies depending on the type of asset in which
firms invest. Average investment efficiency was the lowest for buildings,
indicating financing constraints were more pronounced for large fixed as-
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sets. These differences across assets might suggest that legacy effects from
the 2008 global financial crisis are still present when firms invest on larger
fixed assets, as this type of investment, normally larger in size, is likely to
be more reliant on the availability of external funding sources (i.e. bank
credit).
The methodology implemented also has the advantage that allowed
the effect of firm-level financial characteristics and attitudes directly on fi-
nancing constraints to be explored. For the case of constraints in machin-
ery and transport investment, liquidity and indebtedness ratios also con-
tributed towards the reduction of financing constraints. Previous empirical
applications of SFA to analyses firm-level financial constraints had exclu-
sively focused on traded and large companies, therefore the comparability
of our estimates is limited. Wang (2003), Islam & Luo (2018) or Bhaumik
et al. (2012) also found evidence pointing to the importance of liquid as-
sets easing financing constraints of large firms, however they did not ex-
plore the contribution of indebtedness (with the only exception of Islam &
Luo (2018), who also uncovered a negative relation with constraints). Col-
lateral availability significantly contributed to reduce financing constraints
for fixed assets, however not for intangibles.
The analysis presented in this paper faces two main limitations. First,
the estimates presented in Section 4 are only based on firms which invested
in the time frame analysed have been included in the estimations. Selection
might be a concern when estimating investment equations, since there is a
portion of the total sample of firms which did not invest in any or some of
the years included in the sample. The treatment of selection in SFA estima-
tion is still in its early stages, and it is a complex topic given that the typical
Heckman type of solution for selection using the Inverse Mill’s Ratio as an
additional dependent variable does not work in SFA estimation due to the
non-linear nature of these models (Kumbhakar et al. 2009, Greene 2010).
Second, an assumption behind the SFA approach lies on the asymmetric ef-
fects of financing constraints, which implies that observed investment rates
are always below the optimal investment rate represented by the frontier,
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and that therefore firms not over-investing. Given the time period covered
in our analysis we believe this is a reasonable assumption, however the
presence of over investment could be explored in future work by resorting






ln(Total investment rate) Log of the ratio of the value of investment in buildings, transport,




Log of the ratio of the value of investment in buildings over the
value of total assets in the previous year.
ln(Investment rate, Ma-
chinery/Transport)
Log of the ratio of the value of investment in machinery and
transport assets over the value of total assets in the previous year.
ln(Investment rate, Intan-
gibles/Staff)
Log of the ratio of the value of investment in staff and intangibles
over the value of total assets in the previous year.
Independent variables
ln(Sales/Kt-1) Log of the ratio of total firm turnover over the value of total assets
in the previous year.
Age less than 10 years Dummy variable which equals 1 if the firm has been operating
for less than 10 years; and 0 otherwise.
Micro Dummy variable which equals 1 if the firm has less than 9 em-
ployees; and 0 otherwise.
Industry sectors Dummy variable which equals 1 if the firm operates in the man-
ufacturing or construction sectors; and 0 otherwise.
ln(Liq. assets/Turnover) Log of the value of firm liquid assets over the value of total
turnover.
Debt/Turnover Ratio of the value of firm total debt over total firm turnover
value.
Collateral availability Ratio of the value of firm fixed assets over total assets.
Investment dissatisfac-
tion
Dummy variable which equals 1 if the firm reported to be dis-
satisfied with the level of investment undertaken in the previous
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Beck, T., Demirgüç-Kunt, A. & Maksimovic, V. (2008), ‘Financing pat-
terns around the world: Are small firms different?’, Journal of financial
economics 89(3), 467–487.
Belotti, F. & Ilardi, G. (2018), ‘Consistent inference in fixed-effects stochastic
frontier models’, Journal of Econometrics 202(2), 161–177.
Berger, A. N. & Udell, G. F. (1998), ‘The economics of small business fi-
nance: The roles of private equity and debt markets in the financial
growth cycle’, Journal of banking & finance 22(6-8), 613–673.
Bhaumik, S. K., Das, P. K. & Kumbhakar, S. C. (2012), ‘A stochastic frontier
approach to modelling financial constraints in firms: An application to
india’, Journal of Banking & Finance 36(5), 1311–1319.
Campello, M., Graham, J. R. & Harvey, C. R. (2010), ‘The real effects of fi-




Caudill, S. B., Ford, J. M. & Gropper, D. M. (1995), ‘Frontier estimation and
firm-specific inefficiency measures in the presence of heteroscedasticity’,
Journal of Business & Economic Statistics 13(1), 105–111.
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technology choice and technical efficiency: an application to organic and
conventional dairy farming’, Journal of Productivity Analysis 31(3), 151–
161.
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